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Summary 
Computed tomography scans of 96 women aged between 40 and 63 years were systematically 
measured to determine torso muscle moment arms and cross-sectional areas at L$L3, LJL, and 
yl+ disc levels. The major findings were as follows: (1) the mean muscle moment arm and area 
data were not diierent bilaterally; (2) psoas, quadratus lumborum, and latissimus dorsi muscle 
moment arms consistently changed at the three disc levels, while erector spinae, rectus abdominis, 
transverse abdominis and the oblique muscles remained about the same distance from the three 
disc centroids; (3) psoas and quadratus lumborum muscles increased in mean size at the lower 
levels and (4 gross torso anthropometry and body weight had a significant (P c O-01) but varied 
d correlation ( from 0.12 to O-65) with the size of the erector spinae and psoas muscles, and with 
the moment arms of the rectus abdominis, transverse abdominis, latissimus dorsi, and oblique 
muscles. 
Relevance 
As biomechanical models become more refined in their ability to predict stresses operating on 
the spinal column during specific manual exertions, accurate muscle moment arm and muscle 
area data are needed. This study presents data on a group of people (women of ages between 
40 and 63) who are thought to be at increased risk of developing low-back pain, particularly if 
involved in heavy manual labour. It is believed that the data are important in refining present and 
future low-back biomechanical models for this strata of the population. The finding of left-right 
symmetry in this large sample also supports the use of bilateral clinical comparisons of muscle 
size and location. 
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Introduction 
Biomechanical models of the lumbar spine have shown 
that its movement and stability in the physiological 
range are almost completely dependent upon torso 
muscle actions. As these biomechanical models have 
become more refined, their ability to accurately depict 
the forces and moments acting on the spinal motion 
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segments has been shown to be greatly dependent upon 
the relative size and locations of the torso muscles. 
Studies by Chaffin et al.’ and McGill and Norman’ have 
shown that simplifying assumptions about the moment 
arm distances of the muscles relative to the spinal 
motion segments could cause errors as great as 40% in 
predictions of the spinal forces. 
It is also clear from a limited number of cadaver 
dissections performed by Bogduk3 and Macintosh and 
Bogduk4 that longitudinal torso muscles (e.g. erector 
spinae, quadratus lumborum, rectus abdominis, psoas 
and latissimus dorsi, which are all included in this study) 
are not parallel to the lumbar spinal column. If con- 
firmed in larger population studies, then biomechanical 
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models, of spinal forces at various segmental levels will 
need to recognize more fully the complexity related to 
the non-parallel forces of these muscles. as shown by 
McGill and Norman’. 
Recently, improved tissue-imaging methods have 
provided the means to better determine the size and 
location of muscles of the torso. Using computed tomo- 
graphy (CT) scanning methods, several investigators 
have reported statistical results obtained from small 
groups of volunteers (n = 4 to n = 56) (Reid6, Nemeth 
and Ohlsen’, Reid et al.x, McGill et al.” and Kumar’“). 
Both men and women of varying ages were included in 
these studies and differences between men and women 
were found throughout. The results varied widely bet- 
ween studies, possibly due to smaller sample sizes. 
The objectives of the present study were defined to 
address some of the issues raised by the previously cited 
work. These were as follows: 
(1) to report the results of a larger sample (n = 96) 
of a specific population (older females) and to com- 
pare the results with those obtained by others who 
used different population strata, 
(2) to evaluate the cross-sectional areas and locations 
of selected torso muscles from scans at three different 
lumbar levels, 
(3) to evaluate the left-right symmetry of the torso 
muscles in this group, 
(4) to determine whether gross anthropometric data 
on the subjects correlate with torso muscle size and 
location. 
The choice of older females was motivated by the obser- 
vation that an increasing number of this population 
group are becoming involved in heavy manual lifting 
jobs in industry. Unfortunately, they may be at in- 
creased risk of low-back pain as indicated by a recent 
epidemiological study in Sweden (Svensson et al.“). A 
question regarding their risk level also has been raised 
by biomechanical studies, which disclose that (1) lumbar 
disc compression-failure forces in females are approxi- 
mately 25% lower than that of males, (2) that the bone 
mineral content of vertebrae is significantly lower in 
older female spines than in the male spines and (3) that 
compression-failure forces are highly correlated with 
disc area and bone mineral content (Yoganandan et 
al.‘” and Brinckmann et a1.13). For these reasons, it was 
believed that good statistical data were needed on the 
torso muscles of older females to assure that future 
biomechanical studies would consider any variations 
from the more often reported male data. 
Methods 
Data collection 
Transverse scans of the lumbar region were obtained 
on a Technicare 1440 HPS computed tomography system. 
The three transverse levels were identified using a scout 
view (digital lateral radiograph). Scans were made per- 
pendicular to the table with the subject’s knees and hips 
flexed in order to minimize the lordotic curve. A full 
description of this technique was presented in Cody et 
al. I’. All scans were made using a bone protocol (130 
kV. 100 mA. 4 seconds) with a full field of 40 cm and 
a convolution filter with no edge enhancement or smooth- 
ing. For each patient, 1 mm thick scanned segments 
were obtained spanning at least two disc levels from Lz 
through to Lg. All subjects were placed supine on the 
gantry with a calibration phantom positioned beneath 
their torso. 
After scanning, the reconstructed images (512 X 512 
pixels) were stored on magnetic tape and transferred 
to an Apollo DN3000 computer for analysis. Prior to 
evaluation of each scan, each image was scaled utilizing 
a projected reference grid superimposed by the CT scan- 
ner onto the scan image. Rotation of the x,y axes to 
represent the sagittal and coronal planes of the subjects 
was accomplished by defining a coordinate axis refer- 
enced to a line defined by a point in the centroid of the 
disc and one central to the posterior process. This line 
defined the y (sagittal plane) axis of the individual from 
which all other x,y coordinates would be represented. 
The centroid of the disc was defined as the 0,O value 
for the x,y coordinate system. The perimeters of each 
muscle of interest, the torso and the disc were traced 
with a graphics mouse control. Muscle-group areas were 
defined by constructing sequential trapezoidal sectors 
completely filling the anatomical region of interest. 
Figure 1 depicts this procedure for the erector spinae 
muscle. By superposition of the areas of each trapezoid, 
the total cross-sectional area was estimated. The cen- 
troids of the muscles and discs were calculated by deter- 
mining the centroid x,y coordinates of each trapezoidal 
area. Area-weighted mean x,y coordinates were then 
computed for each muscle and disc. 
Figure 1. Illustration of sequential trapezoid fitting method 
used to estimate area and centroid locations of muscles. 
Data analysis 
Eight muscles were measured and analysed from the 
CT data. These were the erector spinae, rectus ab- 
dominis, internal oblique, external oblique, latissimus 
dorsi, psoas, quadratus lumborum and the transverse 
abdominis. Measurements were made of the distance 
of each muscle’s centroid from the disc centroids (or 
origin) in the x direction and y direction, and each 
muscle’s cross-sectional area. These variables were ob- 
tained at each lumbar level (L&, LX/L4 and L&) on 
both the right and left sides. Therefore, 16 muscles were 
analysed at two or three spinal levels for each subject. 
Mean and standard deviations were computed for 
each variable, and also for each variable with the data 
stratified by lumbar disc level (L2/L3, L3/L4 and L4/L5) 
and by the left and right sides of the body. ANOVA and 
t-tests of mean differences were used to determine if 
the mean values differed at the various disc levels and 
on the left or right side. Finally, the data were regressed 
on the anthropometric variables of gross body weight 
(kg), stature (cm), trunk area (cm*), trunk diameter (X 
direction in the coronal plane, cm) and trunk diameter 
0, direction in the sagittal plane, cm). 
Subject population. 
The population of 96 women was obtained from a study 
being conducted at the Henry Ford Hospital, Detroit, 
Michigan. These subjects were volunteers in a cross- 
sectional study of spinal osteoporosis as detected by 
quantitative computed tomography scanning. This 
group of subjects represented the normal control popu- 
lation of healthy, active individuals at the time of the 
study, and were anthropometrically similar to indi- 
viduals of the same general age, as shown in Table 1. 
The means and standard deviations for the muscle 
moment arm x and y centroid locations (relative to the 
centroid of the discs) are presented in Table 2. Three- 
way ANOVA with a < O-001 error discloses that the mean 
values for many of the muscles varied between the three 
segmental levels, as shown by asterisks in Table 2. What 
was perhaps most unexpected was that neither the mean 
x or y distances could be shown to vary significantly in 
the erector spinae and rectus abdominis muscles at the 
three different levels. A plot of the x and y mean values 
is given in Figure 2. Inspection of this plot indicates 
Table 1. Population statistics 
Chaffin et al.: Lumbar muscle size and location 11 
&nsistent trends in the muscle moment arm lengths 
with segmental levels. 
The means and standard deviations of the muscle 
cross-sectional areas are presented in Table 3. No sig- 
nificant differences were found in the erector spinae, 
rectus abdominis, external oblique and latissimus dorsi 
muscles. The psoas and quadratus lumborum showed 
the greatest consistent changes, both becoming larger 
at lower levels. A plot of the mean values for the cross- 
sections.is given in Figure 3. 
As to the question of left-right symmetry, the mean 
values obtained from the left and right side were 
evaluated using a Student f-test with an error of a -=I 
0.01. No significant difference could be found. This re- 
sult had the practical effect of assuring that the data 
were internally consistent, since a measurement or cod- 
ing error would probably affect a data value on one 
side but not the other. 
The question of whether the gross anthropometry of 
an individual correlates with torso muscle moment arms 
and/or cross-sectional area was also evaluated. Body 
weight, stature and trunk area were used as independent 
variables in regressions of the muscle cross-sectional 
areas. All combinations of these variables including sec- 
ond order models with interactions were used (Table 
4). Minimal correlations were found with muscle areas. 
Only the cross-sectional areas of the erector spinae and 
psoas correlated, with ? values as great as 0.12 to O-26, 
and with error terms between 14 and 24%. While these 
are low correlations, it is interesting to note that in- 
creased body weight appears to correlate with increased 
size of the erector spinae, as does height and trunk area. 
The psoas effect is not as clear, with weight and height 
having counteracting effects, and trunk area having a 
positive correlation with larger muscle area. 
The x and y moment arm values were regressed on 
body weight, height, trunk breadth, trunk depth, and 
trunk area. By inspection of the Pearson Correlation 
Matrix, the variables that best explained the variance 
in x and y moment arms were chosen. Resulting regres- 
sion models, together with indicators of how well they 
fit the data, are displayed in Tables 5 and 6. The rectus 
abdominis was the only muscle which varied consistently 
in both the y and x directions with the independent 
variables. Body weight and abdominal depth were the 
most consistent indicators of increased moment arm 
distances for this muscle. Both of the oblique muscles, 
Variable 
This study USsurveystrata 
Mean SD Mean SD 
Age (ye=) 49.6 5.9 . ??
Weight (kg) 67.6 13.1 68.2 14.6 
*ture (em) 163-l 5.8 161.5 5.8 
I_& Torso diameterx (coronal) (cm) 21.7 2.9 - - 
I.& Torso 
L&Torsoarea(cm diameter! ) 
(sagittal) (cm) 13.6 2.6 - - 
509 168 - - 
I&, Disc area (cm2) 15.2 2.3 - - 
‘US population data are far wonwn age 45-54 years 
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Table 2. Absolute mean and standard deviations of the muscle moment arms (cm) x and y components with Segmental IeVelS 
Segmental/eve/ Segmental 
L2/L3 W-4 
(Sample size 31) (Sample size 96) (SampYke 66) aKZ:e Significance of* 
Muscle Side Mean SD Mean SD Mean SD Mean SD Difference 
Erector spinae left 3.3 0.4 3*4 0.4 3.5 0.4 3.4 0.4 
right 3.4 o-4 3.4 0.4 3.5 o-4 3.5 o-4 
Rectus abdominis left 4.2 1.0 4.3 l-2 4-l 1.1 4.2 1.1 
right 4.4 1.2 4.3 1.1 4.2 1.1 4.3 1.1 
X Internal oblique left 10.9 1.5 11.4 l-6 11.4 2.0 11.3 1.7 ??
right 10.9 1.5 11.3 1.6 11.5 2.0 11-l 1.5 * 
Coronal External oblique left 11.7 1.4 12.2 1.6 12.3 2-o 12.1 1.7 
right 11.7 1.5 12-O 1.6 12.1 1.4 12.0 1.7 
plane Latissimus dorsi left 9.9 1.2 10.7 1.4 11.8 l-5 10.7 1.5 ??
right 10.0 1.1 10.6 l-6 11.9 1.1 10.7 1.5 * 
Psoas lefi 3.2 0,4 3.8 O-4 4.3 0.4 3.9 o-5 * 
right 3.3 0.4 3.7 0.4 4.4 o-4 3.9 0.5 ??
Quadratus lumborum left 5.5 0.7 6.5 0.7 7.5 1-O 6.6 1.0 ??
right 5.6 0.8 6.5 O-7 7.4 0.8 6.6 I.0 * 
Transverse abdominis left 10.3 1.5 11.0 1.7 11-o l-9 10.9 l-7 












left 5.4 o-4 5.3 0.2 5.4 0.4 5.4 0.4 
right 5-4 0.4 5.2 0.4 5.2 O-3 5,3 o-4 
left 7.2 1.6 7.2 l-9 7.0 2-O 7.1 1.8 
right 7.0 1.5 7.0 1.9 6.9 2-O 6.9 1.8 
left 2-5 1.6 2-O 1 .O 2.8 1.3 2.4 1.3 ??
right 2.4 1.4 2-l 1.1 3.0 1.5 2.4 l-3 ??
left 2.0 1.1 2.0 1.1 3.0 1.2 2.2 1.2 * 
right 2.2 1.3 2.3 1.2 3-O 1.3 2.5 1.4 
left 3.4 1.1 3.0 1.0 1.4 l-3 2-8 1.3 * 
right 3.6 0.9 3.0 1-O 1.7 1.1 2-9 1.2 ??
left 1 .l O-4 O-8 0.5 O-2 0.4 0.6 O-6 * 
right 1.1 0.3 0.8 0.4 O-2 0.5 0.6 O-6 ??
left 3.5 0.5 3.3 O-6 2.8 O-6 3-2 0.7 ’ 
right 3.6 O-4 3.2 0.7 2.8 0.7 3.1 0.7 + 
left 2.6 1.7 1.8 1-l 2.5 1.1 2.2 1.3 ??
right l-9 1.7 1,4 1-l 2.4 1.2 1.9 1.3 ??
‘P < om1 
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F@WO 2. Absolute mean x and y moment arm values stratified 
by segmental levels. 
latissimus dorsi, and transverse abdominal muscles 
increased their moment arm x distances (in the coronal 
plane) with body weight and trunk depth and breadth 
diameters. The erector spinae moment arms were not 
found to correlate with any of the independent variables. 
Discussion and conclusions 
The study represents an attempt at using CT data to 
develop a statistical database on muscle size and location 
representative of a designated strata of the population 
(i.e. older females). The 96 subjects were found to be 
reasonably representative of the US female population 
adjusted for age, based on their statures and body 
weights. 
Since the scans were available at three spinal disc 
levels (Lz/L3, L3/L4 and LJ/L5), it was possible to statist- 
ically compare muscle sizes and locations at each level. 
This statistical evaluation disclosed that some significant 
differences in muscle size and moment arm distances 
existed in this population, depending on the spinal level 
being considered. A computer projection of the mean 
data for each spinal level is presented in Figure 4 along 
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Table 3. Measured muscle areas (cm’), torso area (cm?) and d&area (cm*) stratifi+ by segmental levels 
,‘., 
Segmental level Segmental 
L2fL3 LA grand 
(Sample size 31) (Sample size 96) (Samp%ke 66) average Significance of 
Muscle Side Mean SD Mean SD Mean SD Mean SD Difference * 
Erector spinae left 17.9 3.1 18.5 3.0 17.3 3.0 18.0 3.1 
right 18.2 2-7 18.5 3.0 174 3.0 18.1 3.0 
Rectus abdominis left 3.4 1.2 3.7 1.2 4.1 1.2 3.8 1.2 
right 3.3 l-6 3.7 
:I; 
4.0 1.0 3.8 1.2 
Internal oblique left 4.3 1.5 5.8 5.2 5.3 l-6 t 
right 4.0 l-4 5.3 5.3 
:I: 
5.1 1.6 t 
External oblique left 5.5 1.6 6.0 :‘: . 6.0 l-6 5.9 1.5 
right 3.7 1.2 4.4 1.4 4.6 1.4 4.3 l-4 
Lattissimus dorsi left l-4 O-6 1.3 0.5 1.5 0.6 1.3 0.5 
right 1.2 o-4 1.3 0.4 l-3 0.5 1.3 0.4 Psoas left 5.9 l-7 8.3 l-9 9.8 2.2 8.4 ??
right 5-8 l-5 8.3 1.9 9.8 2.0 8.4 
;:; 
??
Quadratus lumborum left 3.3 1 a6 4.5 1.4 4.5 1.3 4.3 1.4 ??
right 3.0 0.7 4.1 1.2 4.6 1.0 4.1 l-2 t 
Transverse abdominis left 2.6 0.7 2.6 O-8 l-9 O-8 2.4 0.9 ??
right 3.4 1.5 3.6 l-9 2.6 0.9 3.2 1.2 t 
Disc area (cm*) 14.2 2.4 15.2 2-3 15-3 2.2 15-l 2.3 t 
Torso area (cm*) 443 122 509 168 576 159 521 164 t 





Figun 3. Muscle areas stratified by spinal motion segmental 
levels. 
with an illustration of the relative moment arm changes 
at each level. In general, the evaluation indicated that 
the psoas moved forward and laterally while increasing 
in size as it descended. The quadratus lumborum fol- 
lowed a similar pattern to the psoas. Latissimus dorsi 
also displayed a similar change in location (i.e. moved 
forward and outward), but showed no discernable 
change in size. The oblique and transverse abdominals 
displayed significant but smaller changes in moment arm 
locations and cross-sections. The erector spinae and rec- 
tus abdominis moment arm locations and cross-sections 
were not found to change at the different levels. 
These results have direct implications for the develop- 
ment of biomechanical models of the torso, such as 
those reviewed recently by ChaffinlS and McGill et a1.9 
In particular, the varying locations and sizes of psoas. 
quadratus lumborum and latissimus dorsi muscles at the 



















Table 6. Significant regression of y moment arms (in sagittal plane) versus height (ht in cm), weight (wf in kg), trunk breadth (tdiamx in cm), 









0.45 < 00001 
0.36 < OGOl 
0.63 < OGOl 
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T&& 6. Significant regression of x moment arms (in coronal plane) versus height (ht in cm), weight (wf in kg), trunk breadth (tdiamx in cm), 
trunk depth (tdiamy in cm) and torso area (tarea in cm’) 
Muscle Best model P P Standard error 
Rectus abdominis 5.7+0.0572 wt-0.0335 ht 0.41 
-0.45+0.21 tdiamix 0.30 
0.51+0.27 fdiarny 038 
2~03+0004 tarea 0.4 
Internal oblique 15.8+0.1 W-O.067 ht 0.62 
2.16+0.418 tdiamx 064 
4.6+0.5 tdiamy 0.65 
6.4+0008rarea 0.54 
External oblique 17+0.1034wt-0.075ht 0.66 
2.8+0.45 tdiamx 0.5 
5.262+0.5tdiamy 0.52 
8~O+OGO8 tarea 0.56 
Latissimus dorsi 6.0+0.07 wt 0.42 
2.4+038tdiamx 0.52 
5.4 + 0.39 tdiamy 0.43 
7.4 + O-0065 tarea 0.51 
Transverse abdominis 13.6+OG!S7 WI-0.06 ht 0.56 
1X)+0.41 rdiamx 0.58 
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Figum 4. Illustration of how the moment arm values change at each disc level (a) together with computer projections of mean 
muscle size and location data at three lumbar levels (b-d). 
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different segmental levels must now be considered when 
estimating their moment reactions, especially during lat- 
eral load handling. Although these data can be used as 
approximations for determining the physiological cross- 
sections and moment arms in various models, they 
should not be over-interpreted. The true moment arm 
values and muscle tensions can only be determined 
from detailed studies of muscle fibre orientation and 
composition. 
The population in this study disclosed significant but 
low correlations between gross anthropometry and 
cross-sectional areas for the erector spinae and psoas 
muscles. This was similar to the results reported by Reid 
et al.’ for active males using step-wise regression on 27 
different anthropometric variables. The male subjects 
of McGill et aL9 showed similar results for the psoas, 
but not for the erector spinae. A recent study by Tracy 
et a1.16 also confirmed the positive correlation in the 
psoas with body weight in younger male subjects, but 
not for the erector spinae. Why the size of the psoas is 
consistently correlated with body weight in these three 
studies is worthy of future research. Since the psoas 
acts on relatively short moment arms but is the second 
largest trunk muscle, its biomechanical effects must be 
considered in more refined models of the torso. Indeed, 
if it acts as a major stabilizer of the column, particularly 
during lateral bending activities, it would cause larger 
compression forces on the discs than are currently pre- 
dicted by linear optimization models which tend to 
utilize muscles acting with larger moment arms than 
those associated with the psoas (Bean et al.“). 
The reason that the size of the erector spinae in two 
previously reported studies of males did not correlate 
with body weight (as was found in this study) may be 
because the size of these muscles depends more on the 
physical requirements placed on them during normal 
manual activities and not on simple gross body weight. 
In the older female population, body weight may be a 
major determinant of the loads placed on the spine, 
since this group may not be involved in the lifting and 
carrying of heavy objects as often as younger males. This 
line of conjecture suggests the need to know more about 
the subjects than simply body weight, stature and other 
anthropometry if one is to accurately predict muscle 
size. Measurements of muscle strength, combined with 
a knowledge of the habitual manual activities performed 
by the individuals, may be better correlated with torso 
muscle size than those variables included in this and 
previously reported studies. 
The use of gross torso anthropometry, body weight 
and stature to predict muscle moment arms (as 
suggested by Reid et al.‘) was evaluated in this study 
and disclosed that the sagittal plane y moment arm for 
the rectus abdominis was positively correlated with both 
x and y torso diameters and body weight. This was a 
similar result to that reported by Tracy et al.‘” for male 
subjects. No other muscle y moment arms were cor- 
related with these anthropometric variables. The lack 
of correlation with the erector spinae y moment arm 
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Figure 5. Comparison of erector spinae and rectus abdominis 
moment arms for male and female populations of varying ages 
from different studies. 
by Reid et al.’ for 20 males using a stepwise regression 
procedure which systematically attempted to use 27 dif- 
ferent anthropometric variables to explain the variance 
in the erector spinae locations. This same study by Reid 
et al. also reported that the y moment arm distances 
for the rectus abdominis did not correlate with any of 
their anthropometric variables, which is different from 
the present study and also from the results of Tracy et 
al.16 It should be noted that Kumar”’ reported no sig- 
nificant correlations of the x and y moment arm lengths 
with body weight and stature for 35 males and 21 
females. 
The present study demonstrated relatively high cor- 
relations of the oblique muscle x (lateral) moment arm 
dimensions with body weight and x and y torso dia- 
meters. This is in general agreement with the results of 
Tracy et al. ” for males. The transverse abdominis and 
latissimus dorsi muscle x (lateral) moment arms were 
also found to be positively correlated with body weight 
and x and y torso diameters in the present study. 
It is interesting to compare the moment arm values 
obtained by the various studies cited in this discussion. 
Only the values for the y (sagittal plane) dimensions of 
the erector spinae and rectus abdominis were consist- 
ently available in these studies. These are plotted with 
reference to the mean age of each sample population 
16 C/in. Biomech. 1990; 5: No 1 
in Figure 5. When presented in this fashion it appears 
that age, in men, may have a very important effect on 
the rectus abdominis moment arms (possibly increasing 
in value by 30%) particularly during their 30s. Data for 
a larger age range of females are needed to determine 
if a similar effect exists. It should be noted that Kumar’s 
data for females are based on a small sample of five 
subjects with widely varying ages”‘. 
The erector spinae moment arm data did not show 
as great an age effect for both males and females though 
a slight increase with age is noted. Because of differ- 
ences in measurement techniques and scaling factors, 
the variations between studies are only interesting in a 
qualitative sense. A cross-sectional population study of 
people of varying ages and gender is needed to deter- 
mine the robustness of the results. It should be clear 
that the methods for performing such a study are quickly 
being developed and refined. It is hoped that this paper 
will add to the database that is needed to construct 
better three-dimensional biomechanical models of the 
back and will also indicate some of the causes of vari- 
ation that exist in the data reported by other groups. 
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